A near-mil len nial tree-ring chro nol ogy (AD 1147(AD -2000 is pre sented for south-west Fin land and an a lyzed us ing dendroclimatic meth ods. This is a com pos ite chro nol ogy com pris ing sam ples both from stand ing pine trees (Pinus sylvestris L.) and subfossil trunks as re cov ered from the lake sed i ments, with a to tal sam ple size of 189 tree-ring sample se ries. The se ries were dendrochronologically cross-dated to ex act cal en dar years to por tray vari abil ity in tree-ring widths on inter-an nual and lon ger scales. Al though the stud ied chro nol ogy cor re lates sta tis ti cally sig nif i cantly with other long tree-ring width chro nol o gies from Fin land over their com mon pe riod (AD 1520(AD -1993, the south-west chro nol ogy did not ex hibit sim i larly strong mid-sum mer tem per a ture or spring/early-sum mer pre cip i ta tion sig nals in com par i son to pub lished chro nol o gies. On the other hand, the south-west chro nol ogy showed high est cor re la tions to the North At lan tic Os cil la tion in di ces in win ter/spring months, this as so ci a tion fol low ing a dendroclimatic fea ture com mon to pine chro nol o gies over the re gion and ad ja cent ar eas. Paleoclimatic com par i son showed that tree-rings had var ied sim i larly to cen tral Eu ro pean spring tem per a tures. It is pos tu lated that the col lected and dated tree-ring ma te rial could be stud ied for wood sur face reflectance (blue chan nel light in ten sity) and sta ble iso topes, which both have recently shown to cor re late notably well with sum mer tem per a tures.
IN TRO DUC TION
Tree rings pro vide late Qua ter nary paleoenvironmental re cords (Bradley, 1999; Walker, 2005) . Mil len nia-long treering chro nol o gies have re cently been con structed in Fennoscan dia where their de vel op ment is an on go ing ac tiv ity (Linderholm et al., 2010) . These re cords con sist of com posite chro nol o gies where the liv ing-tree se ries are com bined with tree-ring se ries from subfossil trunks of pine, usu ally pre served in subaerial con di tions or sed i men tary ar chives of small lakes or bogs (Bartholin and Karlén, 1983; Eronen et al., 1999 Grudd et al., 2000 Grudd et al., , 2002 Linderholm and Gunnarson, 2005) . Ma jor ity of these chro nol o gies orig i nate from re gions near the tim ber line. Con struc tion of long chronol o gies is how ever pos si ble also for more south ern re gions, ei ther sim i larly us ing nat u rally pre served wood or by uti lizing sam ples from his tor i cal build ings (Bartholin, 1987; Läänelaid and Eckstein, 2003; Koprowski et al., 2012) . The value of these re cords for paleoenvironmental stud ies has been proven as the tree-ring chro nol o gies have pro vided infor ma tion of past cli mate vari abil ity from inter-an nual to millen nial scales and for var i ous spa tial do mains (Grudd et al., 2002; Helama et al., 2002 Helama et al., , 2009a Helama et al., , 2009b Helama et al., , 2009c Helama et al., , 2010 Helama and Lindholm, 2003; Linderholm and Gunnarson, 2005; Gouirand et al., 2008) .
Here we dem on strate the de vel op ment and char ac ter istics of a near-mil len nial tree-ring chro nol ogy of Scots pine for a site in south bo real for est zone in south-west Fin land. This is a re gion where no such long tree-ring re cord has been avail able be fore the de vel op ment of this chro nol ogy and where no subfossil wood re cov ered from lake sed i ments have pre vi ously been used for con struc tion of tree-ring chronol o gies. Pre vi ously, the most re cent part of the chro nol ogy has been used for dendroclimatic re search and com pared with in stru men tally ob served cli mate re cords from the same re gion . Sim i larly, the chro nol ogy was com pared with large-scale cli mate in di ces (North At lantic Os cil la tion NAO; Hurrell, 1995; Hurrell et al., 2001) . These stud ies found out the sen si tiv ity of the chro nol ogy to con di tions in win ter and spring cli mate. How ever, the cor re la tion to spring tem per a ture vari abil ity ap peared tem po rally un stable . More over, the chro nol ogy was cor re lated with sev eral other tree-ring chro nol o gies of Scots pine from ad ja cent ar eas to re veal that their spa tial correlativity likely re flects the past fluc tu a tions in the NAO (Lääne-laid et al., 2012) .
Our ob jec tive here is to de tail the chro nol ogy con struction by dem on strat ing its tem po ral char ac ter is tics in sam ple size and chro nol ogy con fi dence, in ad di tion to the tree-ring width vari a tions. More over, the dendroclimatic cor re la tions are de rived us ing lo cal cli mate data and the NAO in di ces. This pro ce dure fol lows our pre vi ous anal y ses of late Ho locene tree-ring chro nol o gies from Fin land (Helama et al., 2005) thus en abling com par i sons of these chro nol o gies and char ac ter iz ing the prop er ties of the south-west Finn ish chronol ogy as paleoenvironmental re cord. Ad di tional com par ison is made for the subfossil part of the chro nol ogy by compar ing the tree-ring vari a tions in the study re gion with the tem per a ture vari abil ity as re con structed for cen tral Eu rope us ing doc u men tary data (Pfister and Brádzil, 1999) over the 16th cen tury.
MA TE RIAL AND METH ODS
Our tree-ring ma te rial orig i nates from Lake Kaitajärvi and Lake Vähä-Melkutinjärvi (60°40' N, 23°35' E) sit u ated in south-west Fin land (Fig. 1) . The site is lo cated in the south bo real zone (Ahti et al., 1968) . This tree-ring dataset of Scots pine (Pinus sylvestris L.) com prise 189 se ries. Liv ing tree samples were cored at the m trees grow ing at the shore us ing in cre ment borer at breast height. Subfossil sam ples were recov ered from lake sed i ments. Disks were cut by saw af ter lift ing the trunks to the sur face and sam pled trunks were returned into the lake. Se ries of tree-ring widths were pro duced by mea sur ing the ring-widths un der a light-mi cro scope to the near est 0.01 mm. The sam ple se ries were dated us ing treering cross-dat ing, a rou tine of dendrochronology, where the tem po ral vari abil ity of con spic u ously wide and nar row rings are ex am ined and each ring can be dated to ex act cal en dar years (Fritts, 1976) . Cross-dat ing was ob tained us ing nu meri cal pro ce dures (Hol-mes, 1983; Van Deusen, 1990) , in addi tion to vi sual com par i son of the plot ted mea sure ment se ries on the com puter screen. The dat ing pro cess ini ti ates from the cross-dat ing of se ries from liv ing trees. The subfossil se ries are cross-dated against each other and the subfossil chro nology is cross-dated against the ob tained chro nol ogy of liv ing trees. The fi nal chro nol ogy com prises 47 sam ple se ries from liv ing pines and 142 subfossil se ries. Mean length of the series was 143 years. The chro nol ogy cov ered the pe riod AD 1147-2000.
Fol low ing pre vi ous tree-ring stud ies in ad ja cent ar eas (Helama et al., 2005 (Helama et al., , 2013 , the dou ble-detrending of the tree-ring se ries was car ried out. To do so, in di vid ual tree-ring se ries were trans formed into in dexed se ries in the pro cess called tree-ring stan dard iza tion (Fritts, 1976; Cook, 1985; . This was done to re move the age-size re lated trend in ra dial growth us ing the mod i fied neg a tive expo nen tial curve, lin ear re gres sion line or line through the series mean (Fritts et al., 1969) . In di ces were de rived from the mod eled curve by di vi sion. Sec ond, a spline func tion (Cook and Pe ters, 1981) was fit ted to the se ries of these in di ces and a new se ries of tree-ring in di ces were ex tracted from this curve as ra tios. The ri gid ity of the spline was de ter mined to be two-thirds of the length of each in di vid ual time se ries (50 % fre quency re sponse cut-off). Third, the sec ond set of in dices was pre-whit ened us ing Box and Jenkins (1970) meth ods of autoregressive and mov ing av er age time se ries mod el ing (Cook, 1985) . The ra tio nale us ing this three-step pro cess lies as fol lows. The first detrending is ex pected to re move the long-term growth trend from the tree-ring mea sure ment series and to sta bi lize their vari ance. The sec ond detrending is ex pected to re move growth vari a tion re lated to dis tur bance caused by for est dy nam ics with ad di tional vari ance sta bi li zation (Fritts, 1976; Cook et al., 1990a; . Pre-whit en ing trans forms autocorrelated se ries into se ri ally in de pend ent ob ser va tions (Cook, 1985; Monserud, 1986) . Ex pressed pop u la tion sig nal (EPS) was used as in di ca tion of chro nol ogy re li abil ity. The EPS pro vides an ex pres sion of com mon vari abil ity among the avail able tree-ring se ries through time. The pre-de ter mined limit of EPS > 0.85 can be used as a rea son able al beit ob jec tive value for an ac cept able level of chro nol ogy con fi dence (Wigley et al., 1984) .
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S. HELAMA et al. Tree-ring chro nol o gies were pro duced by av er ag ing the annual val ues of in di ces us ing a bi-weight ro bust mean (Cook, 1985; Cook et al., 1990b) . In or der to ad just the chro nol ogy vari ance for sam ple size, each an nual value was scaled by an ef fec tive num ber of in de pend ent sam ples avail able in each year as dem on strated by Osborn et al. (1997) . The long-term and pe riod vari a tions in the chro nol ogy were il lus trated by ap ply ing a smooth ing spline func tion (Cook and Pe ters, 1981) to the an nual chro nol ogy val ues. Here af ter, the prewhit ened in di ces were used in the anal y ses, if not oth er wise men tioned.
Lo cal cli ma tic data was adopted as mean monthly temper a tures and pre cip i ta tion sums as es ti mated (Fig. 2 ) from the cli mate re cords made by the Finn ish Me te o ro log i cal Insti tute (Ojansuu and Henttonen, 1983) . More over, the monthly in di ces of the North At lan tic Os cil la tion (NAO; Hurrell, 1995) were used for com par i sons. The vari a tions described by the NAO in di ces are char ac ter ized by the os cil lation of at mo spheric masses pro duc ing large-scale changes in the mean wind speed and di rec tion over the North At lan tic, where the pos i tive (neg a tive) NAO phases com monly oc cur with strength ened (at ten u ated) wes ter lies and thus milder and moister (cooler and drier) win ters and spring time con ditions on lo cal scale (Uvo and Berndtsson, 2002; Helama and Holopainen, 2012) . Pearson cor re la tion co ef fi cients were com puted be tween these cli ma tic re cords and the tree-ring chro nol ogy. Cor re la tions were cal cu lated over the pe riod 1909-1993. The par tic u lar pe riod was com mon to our pre vious anal y ses (Helama et al., 2005) thus mak ing the dendrocli ma tic co ef fi cients be tween that and this study com pa ra ble with each other.
RE SULTS

Tree-ring prop er ties
On av er age, the mod ern and subfossil pine se ries contained 109 and 154 rings with mean ra dii (sum of mea sured ARWs) of 164 and 150 mm, re spec tively, these val ues translat ing into ab so lute growth rates of 1.50 and 0.97 mm/year. These fig ures in di cate that the cored pines had grown faster than the an cient pines re cov ered from the lake sed i ment. The old est liv ing pine was more than 233 years old. Its first ring at breast height had grown in 1768. In com par i son, the bi o log ically old est subfossil pine con tained 309 rings.
Chro nol ogy con fi dence
Sam ple size fluc tu ates through time with high est num ber of rep li ca tion dur ing the 18th cen tury (Fig. 3) . Pe ri ods of low sam ple rep li ca tion oc cur dur ing the last half of the 19th century and be fore 17th cen tury. Cor re la tion among tree-ring series av er aged 0.275 and 0.272, re spec tively, as cal cu lated from detrended and fur ther pre-whit ened in di ces. Us ing these val ues and the EPS-sta tis tic, the chro nol o gies build using detrended and fur ther pre-whit ened in di ces showed the EPS-sta tis tic over the pre-de ter mined level of 0.85 con tin uously since 1264.
Tree-ring fluc tu a tions
Chro nol o gies il lus trated tree-ring growth vari a tions on inter-an nual to lon ger scales (Fig. 4) . The most anom a lous AN 854-YEAR TREE-RING CHRO NOL OGY OF SCOTS PINE 63 Fig. 2 . Ombrothermic di a gram of long-term mean monthly temper a tures (T) and monthly pre cip i ta tion sums (P) in the lo cal ity over the dendroclimatic study pe riod . No ta ble pe ri ods of ameliorated growth oc curred in the 1380s, 1540s and 1750s. Cor respond ing pe riod of de te ri o rated growth were ev i dent in the 1460s, 1530s, 1770s. This shows that the pe riod from 1530s to 1540s ex pe ri enced a marked change in the growth from low to high in dex val ues.
Dendroclimatic cor re la tions
Tree-rings were found to cor re late sta tis ti cally sig nif icantly with sev eral monthly cli ma tic vari ables as fol lows. Pos i tive cor re la tions were found for tem per a tures in Feb ruary and March (Fig. 5a ). Cal cu lat ing the cor re la tion be tween the tree-ring chro nol ogy and the Feb ru ary-March tem per ature se ries showed a cor re la tion co ef fi cient of 0.338 (p<0.01). This in di cates that the tree-ring growth was ben e fit ted from mild win ter con di tions prior to the ac tual start of the grow ing sea son. More over, the tree-ring chro nol ogy cor re lated pos itively with pre cip i ta tion in March and June (Fig. 5b) . Since the lo cal March mean tem per a ture typ i cally re mains be low zero (Fig. 2) , the correlativity to March pre cip i ta tion likely demon strates the pos i tive ef fects from in creased snow fall on these pines.
NAO-cor re la tions
Sta tis ti cally sig nif i cant cor re la tions to the NAO in di ces were found for win ter and spring months pre ced ing the grow ing sea son in De cem ber, Feb ru ary, March and May (Fig. 5c) . High est cor re la tion be tween the NAO in di ces and tree-rings was found for a multi-monthly sea son (De cem ber through May) com bin ing the win ter and spring months. This cor re la tion showed a co ef fi cient of 0.483 (p<0.01). This multi-monthly NAO in dex rec og nized firm link ages with the lo cal tem per a ture and pre cip i ta tion re cords with sta tis ti cally sig nif i cant cor re la tion co ef fi cients of 0.628 (p<0.01) and 0.295 (p<0.01), re spec tively. These as so ci a tions dem onstrate the NAO-driven ef fects on the lo cal win ter (De cem ber through May) cli mate vari abil ity where the west erly winds, as in di cated by the pos i tive NAO in dex, ar rive into the re gion with warmer and more hu mid air masses.
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S. HELAMA et al. (Fig. 3c) .
Fig. 5.
Dendroclimatic cor re la tions com puted be tween the monthly cli mate vari ables and tree-rings (AD 1910 (AD -1993 . Columns show the cor re la tion co ef fi cients for tem per a ture (a) and precip i ta tion (b) vari ables as well as the in di ces of the North At lan tic Os cil la tion (NAO) (c) of the pre vi ous (small let ters) and con cur rent year (cap i tal let ters). Sta tis ti cally sig nif i cant re la tion ships are in dicated as black (0.01 level) and gray (0.05 level) his to grams.
DIS CUS SION
We have dem on strated the main char ac ter is tics of the near-mil len nial tree-ring chro nol ogy from south-west Finland. Com par i son be tween this chro nol ogy with other long Finn ish tree-ring chro nol o gies of Scots pine show that the tree-ring vari a tions of the stud ied chro nol ogy cor re late best with the chro nol ogy from south-east Fin land (Fig. 6) , that is, with its geo graph i cally clos est re cord. More over, the cor re lations de crease sys tem at i cally as the dis tance be tween the chro nol o gies in creases. This de cline oc curs in ac cord with the pre vi ous views on spa tial tree-ring correlativity in Fennoscan dia (Schweingruber, 1988; Helama et al., 2005) and likely re sults, in part, from de creas ing sim i lar ity be tween the cli mate vari abil ity with in creas ing dis tance. Even a stron ger fac tor be hind the de cline is likely to orig i nate from dis sim ilar ity of tree-ring growth re sponse to cli mate in dif fer ent ecolog i cal po si tions from south ern bo real for ests to the north ern tim ber line. Com par i son of these dendroclimatic re la tionships is pre sented below.
Cold sea son and hydroclimate sig nals
Our re sults con firmed the pre vi ous find ings that these tree-rings cor re late notably with the cli ma tic vari ables in win ter and spring sea sons Holopainen et al., 2006) and that the tree-ring vari abil ity follows the pos i tive and neg a tive NAO phases at least over the in stru men tal pe riod Läänelaid et al., 2012) . The NAO is an at mo spheric os cil la tion of synop tic scale over the North At lan tic sec tor where the wes terlies bring warmer and moister air-masses onto study re gion (Uvo and Berndtsson, 2002; Helama and Holopainen, 2012) . This con di tion is dem on strated by the pos i tive NAO in dex. In its op po site phase, the wes ter lies are at ten u ated with predom i nance of cooler and drier con di tions over the north-west Eu rope (Hurrell, 1995; Hurrell et al., 2001) . In this study, the at mo spheric phe nom e non was in di cated by mark edly pos itive cor re la tions be tween the NAO in dex and the lo cal temper a ture and pre cip i ta tion vari abil ity dur ing the win ter and spring sea sons. Com par i son of the NAO-cor re la tions in south-west Fin land with pre vi ously es tab lished NAO-cor rela tions (Helama et al., 2005) shows that the win ter (De cember) NAO in dex cor re lates with pine growth over ex tended ar eas (Fig. 7a) . Sim i lar correlativity of Scots pine tree-rings to win ter NAO in dex has been ob served over mul ti ple sites in Fin land, Es to nia, Gotland, and north-west Rus sia (Lindholm et al., 2001) . More over, it has been found that the pro longed pe ri ods of pos i tive NAO phase come with in creased cor re lation be tween the tree-ring chro nol o gies over the same re gion through the past mil len nia (Helama et al., 2005; Läänelaid et al., 2012) .
It is ev i dent that the tree-ring growth is gen er ally ben e fitted from the mild and moist win ter/spring con di tions through Fin land and ad ja cent ar eas as in fact ev i denced by sta tis tically sig nif i cant cor re la tions to tem per a ture (Feb ru ary through March; Fig. 5a ) and pre cip i ta tion (March; Fig. 5b ) vari ables of cold sea son. The most ob vi ous paleoenvironmen tal change as in di cated by the chro nol ogy oc curred as the mid-1500s event, when the an oma lously low in di ces in the 1530s were fol lowed by the high in dex val ues in the 1540s. Of note, Pfister and Brádzil (1999) de tailed the tem per a ture and pre cip i ta tion vari a tion in cen tral Eu rope us ing doc u mentary data. They fur ther re con structed cli mate vari abil ity over the 16th cen tury us ing de cad al es ti mates of past tem per a ture and pre cip i ta tion. We com pared their re con struc tions to decadally av er aged tree-ring in di ces from south-west Finland and ob tained high est cor re la tion with co ef fi cient of 0.751 (p<0.05) rea son ably for a spring tem per a ture as so ci ation (Fig. 8) . More over, the tem per a ture re con struc tion (Pfister and Brádzil, 1999 ) ex hib ited a pos i tive change towards the 1540s, com pa ra ble to in di ca tions by the stud ied tree-ring chro nol ogy. These find ings im plied a rather sim i lar spring tem per a ture changes in cen tral and north ern Eu rope, at least on de cad al scale, dur ing the 16th cen tury. In a pre vious anal y sis, the SW Finn ish tree-rings were seen to cor re late pos i tively with re con structed and in stru men tally re corded spring tem per a ture vari a tions in the same re gion since 1750s . The strength of the correlativity was however temporally unstable. Similarly, the correspon- Fig. 6 . Cor re la tions be tween the tree-ring chro nol ogy of this study and the other long Finn ish tree-ring chro nol o gies (Helama et al., 2005) orig i nat ing from north ern Lapl and (NL), Pääjärvi re gion (PJ), North Karelia (NK), and south-east Fin land (SE) (see also Fig.  1 ). Cor re la tions were cal cu lated over the com mon pe riod (AD 1520 (AD -1993 . All cor re la tions are sta tis ti cally sig nif i cant (p<0.01). dence between the two records here (Fig. 8) is somewhat muted during the last decades of the 16th century.
Pre vi ously, the mil len nial tree-ring chro nol ogy of Scots pine from south-east Fin land was used as a proxy re cord for re con struct ing the paleoclimatic vari a tions in past springsum mer (May through June) pre cip i ta tion (Helama and Lindholm, 2003; Helama et al., 2009b) . Sim i larly, the tree-rings cor re lated sta tis ti cally sig nif i cantly with June pre cip i ta tion in south-west ern Fin land (Fig. 5b) . How ever, the dendroclima tic sig nal of sum mer pre cip i ta tion was no ta bly lower in south-west Fin land, in com par i son to the strength of this signal in tree-ring growth in south-east Fin land (Fig. 7b) . In terest ingly, this dendroclimatic re la tion ships was found as mark edly pos i tive only for the sites in south bo real for ests, in south-west and south-east Fin land, in com par i son to the more north ern sites in Finland where the correlation appeared negative (Fig. 7b) .
Sum mer tem per a ture sig nals
In Fennoscandia, the lon gest tree-ring chro nol o gies have been com monly built for north ern tim ber line re gions where the uti li za tion of subearial wood (Sirén, 1961; Bartholin and Karlén, 1983; Bartholin, 1987) as well as the recov ery of subfossil pine trunks as pre served within lake sed iments (i.e., megafossils) started sev eral de cades ago (Eronen, 1979) . These chro nol o gies have of ten times been used as proxy re cords for re con struct ing the paleoclimatic tem per ature vari a tions through past mil len nia (Grudd et al., 2002; Helama et al., 2002 Helama et al., , 2009a Helama et al., , 2009c Helama et al., , 2010 Linderholm and Gunnarson, 2005; Gouirand et al., 2008) . Nat u rally, their paleoclimatic value de pends on their strong dendroclimatic sig nal of sum mer tem per a tures. Also the south-west chro nology re lates pos i tively with mid-sum mer (July) tem per a tures (Fig. 5a ) but the strength of this cor re la tion is dwarfed by the high as so ci a tion be tween mid-sum mer tem per a tures in the tree-ring chro nol o gies from more north ern ar eas (Fig. 7c ). Yet an other suit able way for study ing this paleoclimatic signal in Finn ish tree-ring chro nol o gies is the com par i son of tree-ring in di ces of the chro nol o gies in AD 1601 (Helama et al., 2005; Helama et al., 2009a) . This year is known as one of the most ob vi ous sig na ture years in the north ern tree-ring chro nol o gies (Briffa et al., 1998) fol low ing the sum mer time cool ing over the North ern Hemi sphere due to the erup tion of Huaynaputina vol cano (Peru) that had oc curred in the pre vious year (de Silva and Zielinski, 1998) . As a re sult of this cool ing, the tim ber line tree-rings dem on strated most se vere re duc tion in their growth, as in di cated by their very low tree-ring in dex, in AD 1601 (Fig. 7d) . A sim i lar, al beit at tenu ated, growth re ac tion was ob served in more south ern chronol o gies, with a pat tern of grad u ally weaker re sponse towards the south, with the high est tree-ring in dex in AD 1601 in the south-west Finn ish chro nol ogy (Fig. 7d) . It is ob vi ous that the stud ied chro nol ogy pos sesses a neg li gi ble sum mer tem per a ture sig nal in its tree-rings, in com par i son to chro nolo gies from more northern areas.
Al though the sum mer tem per a ture sig nal in the southwest Finn ish chro nol ogy of tree-ring widths ap peared meaning less, the col lected tree-ring ma te rial could pro vide an improved paleoclimatic tem per a ture proxy ar chive for anal y ses of the sur face reflectance of the late wood por tion of each annual ring to de ter mine the min i mum blue chan nel light in tensity (BI). Pre vi ous stud ies have shown that the BI pro vides a highly skilled sur ro gate for late wood den sity of high-lat i tude pine tree-rings (McCarroll et al., 2002; Camp bell et al., 2007; Wil son et al., 2011) . The BI was re cently (Helama et al., 2013) shown to pro vide a use ful proxy for past tem per ature vari a tions also south of the tim ber line, as the BI chro nology of liv ing pines ex plain ing more than 40 per cent of the sum mer tem per a ture vari ance in North Karelia (de noted as NK in Fig. 1 ) in east ern Fin land. Al ter na tively, the col lected tree-ring ma te rial could be used as ma te rial for dendro-iso topic anal y ses. Sta ble car bon iso topes (d 13 C) as ex tracted from Scots pine tree-rings have pre vi ously shown to pro vide a reason able proxy of tem per a tures in North Karelia where the d 13 C chro nol ogy ex plained 30-40 per cent of the sum mer tem per a ture vari ance (Hilasvuori et al., 2009 ). An a lyz ing these prop er ties from Scots pine tree-rings in south-west Finland for BI and d 13 C chro nol o gies over the pe ri ods of in strumen tal cli mate ob ser va tions (Holopainen, 2006) will de tail their ex act paleoclimatic value. An other in ter est ing op por tunity would use both the BI and d 13 C data as mul ti ple prox ies for com mon tem per a ture sig nal, as an in creased range of indi ca tors is likely to re sult in more ro bust paleoclimate re construc tion.
CON CLU SIONS
Tree-ring chro nol ogy from south-west Fin land pro vides an in ter est ing pos si bil ity to study the paleoenvironmental vari a tions over the past eight cen tu ries. Al though the dendrocli ma tic cor re la tions be tween this chro nol ogy and lo cal climate vari ables did not in di cate straight for ward op por tu ni ties for tree-ring based tem per a ture or pre cip i ta tion re con structions, the chro nol ogy showed its po ten tial for re cord ing the NAO sig nals of win ter and spring sea sons. More over, the mark edly high cor re la tion be tween the tree-ring chro nol ogy and re con structed cen tral Eu ro pean tem per a tures dur ing the 16th cen tury was dem on strated. This com par i son showed that the past vari a tions in the tree-ring width were syn chronous with large-scale tem per a ture fluc tu a tions also dur ing the pre-in stru men tal pe riod. As a fu ture pros pect, the treering dated ma te rial may be used for more elab o rated prox ies 66 S. HELAMA et al. (Pfister and Brádzil, 1999) .
